The state government of Chiapas in Mexico is promoting the cultivation of jatropha by farmers as a source of biofuel, with the first harvest expected in 2012. However, despite the fact that the planted jatropha has now reached the harvesting stage, no reports exist on the current status of jatropha cultivation in Chiapas or on issues related to cultivation. We accordingly conducted a study aimed at ascertaining the current status of jatropha cultivation and identifying factors impeding its spread. For the study, we conducted a questionnaire survey among 88 farmers of 7 villages located within 3 municipalities, and also interviewed them. Our study pointed to 2 key factors causing the abandonment of jatropha cultivation, namely the failure of farmers to receive ProArbol payments as financial assistance for cultivation, and damage caused to jatropha roots by gophers. Pest/disease outbreaks, lack of technical assistance, lack of trust for extension workers and distrust for the project were also obstacles to the spread of jatropha cultivation.
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Introduction
Jatropha is a drought resistant plant that has been increasingly cultivated as a source of biofuel that does not compete with food production (Heller, 1996) . In developing countries, jatropha cultivation has also been promoted as a new means for poor farmers to boost their incomes (Brittaine & Lutaladio, 2010) .
Jatropha is a native of Mexico and other parts of Central America, and has traditionally been used in Chiapas as hedging (Zamarripa-Colmenero et al., 2009; Ruíz-Valdiviezo et al., 2010) . The state government of Chiapas drew up a biofuel production policy in 2007 as a means of helping family farms in rural areas where poverty levels were high to boost their incomes by growing jatropha as a new cash crop that would also contribute to environmental conservation through its use as a source of biofuel (Gobierno del Estado de Chiapas, 2007; Vanegas-Cubillos, 2012) . To promote the cultivation of jatropha, the state government imported seeds from India and provided farmers with both seeds and seedlings. As a result, jatropha cultivation by farmers in Chiapas began in 2008 (Skutsch et al., 2011; Valero-Padilla, Cortina-Villar, & Vela-Coiffier, 2011) . CONAFOR (National Forestry Commission, an agency in Mexico's central government) simultaneously started to disburse the first installment of a 2-installment payment of 6,310 pesos per hectare as financial assistance for jatropha cultivation under the government's ProArbol forest conservation and restoration program (Skutsch et al., 2011) . The state government of Chiapas required farmers wanting to cultivate jatropha to form into groups under the auspices of a representative organization named the Bioenergy Society Union of Chiapas (USB) that was established in 2008. USB is responsible for instructing farmers in jatropha cultivation, processing applications for ProArbol payments, and such like (Arellanes-Caballero, 2008) .
In Chiapas, the jatropha planted in 2008 was ready to harvest in 2012. The state government set up 4 collection points respectively in the municipalities of Villa Corzo, Parral, Acala, and Cintalapa, and began to buy up jatropha fruits and seeds. It also built a jatropha seed oil mill in Cintalapa in 2012 (Gobierno del Estado de Chiapas, 2012a), and plans to produce biodiesel using a plant in the city of Tapachula from this jatropha oil as fuel for 94 public buses operating in Tuxtla Gutiérrez and Tapachula Cities in Chiapas (Gobierno del Estado de Chiapas, 2012b; Green fuels, 2012).
The ground has thus been laid for completion of the supply chain from cultivation to consumption in Chiapas. Sustaining this supply chain of course requires continued cultivation of jatropha, but Valero-Padilla et al. (2011) report that some farmers in Chiapas abandoned jatropha cultivation within 1 year of start of cultivation. A study conducted in southern India also reports that 85% of farmers who started to cultivate jatropha had abandoned the endeavor (Axelsson, Franzén, Ostwald, Berndes, & Ravindranath, 2011) . Because the cultivation of jatropha by family farms in Chiapas has only just reached the harvesting stage, no reports as yet exist on the current status of jatropha cultivation up to harvesting or on problems associated with the spread of jatropha cultivation. We accordingly conducted a study on family farms that have abandoned jatropha cultivation or downsized the area under jatropha cultivation, as well as farms that are continuing to cultivate jatropha, with the aim of ascertaining the current status of jatropha cultivation in Chiapas and identifying factors impeding the spread of cultivation and conditions required for sustained cultivation of jatropha in Chiapas.
Method

Selection of Villages and Farmers for the Study
We selected 7 villages located in the municipality of Villa Corzo (where, according to Arellanes-Caballero [2008] the extent and number of farmers engaging in jatropha cultivation from the first year of 2008 was highest) and 2 neighboring municipalities (Villaflores and La Concordia), enlisting the cooperation of 88 farmers (45 of whom were still cultivating jatropha, and 43 of whom had abandoned cultivation) for the study, which required them to fill out a questionnaire and sit for an interview.
Questionnaire and Interview
Study participants in each village were asked to come to their village's community center to fill out a questionnaire and sit for an interview to supplement the questionnaire. Participants were required to provide responses on a scale of 1 to 5 for all questions other than those requiring the entering of numerical data such as area under cultivation.
Statistical Analysis
We used the chi-square-test to compare responses between the villages. IBM SPSS Statistics®Version 20.0 was used for the statistical analysis.
Results and Discussion
Outline of Surveyed Villages and Jatropha Cultivation
We provide an outline of the surveyed villages in Table 1 and an outline of farmland and jatropha cultivation in Table 2 . Of the 7 villages surveyed, 3 villages (Ignacio Zaragoza, Tierra Santa, and Los Ángeles) continue to cultivate jatropha; 1 other village (Javier López Moreno) also continues to cultivate jatropha, but the area under cultivation is declining; and 3 villages (Doctor Belisario Domínguez, Los Amates, and Niños Héroes) have abandoned jatropha cultivation altogether. * After receiving first ProArbol payment, jatropha cultivation was abandoned due to damage by animal pests (gophers). "Visits by extension workers in hr/month" are monthly averages of total hours per month spent by extension workers in each village.
Farmers cited ProArbol payments for jatropha cultivation, the environmental contribution accruing to jatropha cultivation, and the introduction of jatropha as a new cash crop as their reasons for starting to cultivate jatropha. In the villages of Ignacio Zaragoza, Tierra Santa, and Los Ángeles that continue to cultivate jatropha, and in Doctor Belisario Domínguez, where gopher (known locally as tuza) depredation has forced farmers to temporarily abandon jatropha cultivation, the average area of farmland per household stands at 19.7 ha. The average for the villages of Los Amates and Niños Héroes that have abandoned jatropha cultivation, and for Javier López Moreno, where jatropha cultivation has been downsized, is 13.1 ha.
The study by Skutsch et al. (2011) in Chiapas showed that the area of farmland per household for a great many jatropha farmers stood at around 20 ha, a figure that matches the results of our own study of jatropha farmers. Our study shows that while the failure to receive ProArbol payments is also a factor, the fact that the average area of farmland per household for jatropha farmers in villages experiencing problems with jatropha cultivation itself is 13.1 ha suggests that farmers with less than about 20 ha are likely to meet with problems if they attempt to cultivate jatropha. Further research is required to elucidate the causal relationship between total farmland area and the occurrence of problems with jatropha cultivation, and to determine the approximate area of farmland that should be owned by farmers targeted for the promotion of jatropha cultivation so as to ensure sustained cultivation.
Factors Impeding the Spread of Jatropha Cultivation
To analyze the factors impeding the spread of jatropha cultivation, we show questionnaire results regarding reasons for abandoning jatropha cultivation cited by farmers who had done so in Figure 1 , and questionnaire results for all farmers regarding the most common problems related to jatropha cultivation in Figure 2 .
Failure to receive ProArbol payments and damage caused by gophers to jatropha were cited as reasons for abandoning jatropha cultivation. Pest/disease outbreaks, lack of technical assistance, lack of trust in extension workers, and distrust for the project were cited as problems related to jatropha cultivation.
ProArbol
In the villages of Los Amates and Niños Héroes where jatropha cultivation had been abandoned, the direct reason for abandoning cultivation was the failure of farmers to receive ProArbol payments as a result of problems (e.g. less visiting hours of extension workers) in the way that extension workers handled ProArbol payment applications (Table 2 ). In Javier López Moreno too, farmers failed to receive ProArbol payments as a result of extension worker payment application processing problems and the poor growth shown by jatropha plants, but they continue to cultivate jatropha, albeit on a smaller scale. In the village of Ignacio Zaragoza, problems again occurred in ProArbol application procedures owing to the replacement of 4 extension workers, and the farmers failed to receive payments as a result. The farmers cultivating jatropha in this village harbor a strong distrust for the Chiapas state government's jatropha project, but continue to cultivate jatropha in the hope of selling seeds. Since, as mentioned in 3.1, ProArbol payments are one of the main reasons for cultivating jatropha cited by farmers, failure to receive these payments naturally causes farmers to abandon cultivation or downsize cultivation area, and to harbor distrust for extension workers and the project as a whole. As such, failure to make ProArbol payments is a major factor impeding the spread of jatropha cultivation.
Damage by Animal Pests
In the village of Doctor Belisario Domínguez where jatropha cultivation had been abandoned, damage caused to jatropha roots by gophers had rendered continued cultivation impossible (Figure 1 ). Though differing in extent, gopher damage was in fact reported in all villages surveyed for this study. The species causing the damage is suspected to be Geomys bursarius, but more detailed research is required. Since no previous reports of gopher damage to jatropha roots exist, this is thought to be the first such report. In villages other than Doctor Belisario Domínguez too, pest/disease outbreaks of various kinds were reported (Figure 2a ). This suggests that failure to act promptly to control pests is likely to impede the further spread of jatropha cultivation.
Extension Workers
Extension workers perform the important roles of instructing farmers in jatropha cultivation and handling ProArbol payment application procedures on behalf of jatropha farmers. If ProArbol payments fail to be made as a result of extension worker shortcomings, farmers are likely to abandon jatropha cultivation and harbor distrust for the project as a whole. As such, poorly performing extension workers are a factor impeding jatropha cultivation.
Responses to our questionnaire show that the villages of Ignacio Zaragoza, Javier López Moreno, Niños Héroes and Los Amates have suffered a lack of technical assistance from extension workers (Figure 2b ), and that trust for extension workers is at a low level in these villages (Figure 2c ). The number of hours spent by extension workers in each of these villages per month was low compared with the villages of Los Ángeles, Doctor Belisario Domínguez, and Tierra Santa, where no such lack of technical assistance was reported (Table 2) . These factors impeding the spread of jatropha cultivation result in distrust for the project (Figure 2d ). Basinger et al. (2012) have reported in a study on jatropha cultivation in Mali that the number of visits by extension workers is the most important factor taken into account by farmers when deciding whether to start to cultivate jatropha. Our study of jatropha cultivation at the harvesting stage also revealed that frequent visits by extension workers are an important factor in sustaining jatropha cultivation. As such, bolstering extension worker engagement of farmers would likely play a significant part in encouraging farmers to start cultivating jatropha and ensuring sustained jatropha cultivation. For cases in which damage by gophers was the sole reason for abandoning jatropha cultivation were given a score of 5, and cases in which damage by gophers was not a reason for abandoning jatropha cultivation were given a score of 1. For "Pest/disease outbreak", cases in which pest damage seriously affected jatropha cultivation were given a score of 5, and cases in which pest damage was not a problem were given a score of 1. For "Lack of technical assistance", cases in which lack of technical assistance seriously affected jatropha cultivation were given a score of 5, and cases in which lack of technical assistance was not a problem were given a score of 1. For "Trust in extension workers", strong trust in extension workers was given a score of 5, and total lack of trust a score of 1. For "Distrust for the project", strong distrust for the project was given a score of 5, and no distrust a score of 1.
Conclusion and Recommendation
We conducted this study to ascertain the factors impeding the spread of jatropha cultivation by surveying both farmers who have abandoned jatropha cultivation and those who continue to cultivate jatropha. Our research revealed the existence of two causes behind the abandonment of jatropha cultivation by farmers-namely, the failure of farmers to receive ProArbol payments as financial assistance for jatropha cultivation, and damage to jatropha roots by gophers. These two factors directly impede the continued cultivation of jatropha. Other pest/disease outbreaks, lack of technical assistance, lack of trust in extension workers, and distrust for the project are also issues affecting jatropha cultivation.
We make the following recommendations for eliminating the factors impeding the spread of jatropha cultivation on family farms in Chiapas.
Firstly, to ensure that proper ProArbol payment application procedures are followed, we recommend training in ProArbol application procedures for extension workers, as well as bolstering the engagement of jatropha farmers by extension workers. Secondly, with regard to pest damage, we recommend that urgent consideration be paid to means of controlling gophers, the most serious cause of pest damage. Also, in view of the fact that pest/disease damage is rising, we see a need to also consider longer-term pest control measures, including training extension workers in pest control techniques.
